The purpose of this paper is to examine the relationship between inflation and inflation uncertainty in the Serbian economy, being particularly vulnerable to shocks in inflation rate, during transition period 2001 -2007. Based on monthly data several GARCH specifications are estimated to provide the measure for inflation uncertainty. Derived variables are then included into VAR model to test for Granger-causality between inflation and its uncertainty. Models that consider only permanent and transitory components of prices are also estimated to investigate the inflation-uncertainty relationship in the long and in the short run. The main conclusion of the paper is that high inflation invokes high uncertainty, while high uncertainty negatively affects the level of inflation at long horizon.
INTRODUCTION
The cost of inflation has been a subject of substantial interest in macroeconomy. Given that inflation uncertainty represents one of the major sources of this cost, the relationship between inflation and its uncertainty has attracted considerable attention of both applied and theoretical macroeconomists. The issue was first brought up by Friedman [17] who, in his well-known Nobel Prize speech, argued that increased inflation has a potential to create nominal uncertainty that subsequently lowers welfare and possible output growth. Friedman's idea was later formalized by Ball [3] . The relationship between inflation and inflation uncertainty was also considered in reverse direction, such that high inflation uncertainty may induce higher average inflation, as advocated by Cukierman and Meltzer [10] , [11] .
The relationship between inflation and inflation uncertainty has been investigated in a number of empirical papers, and in most of them the G7 and some Asian countries have been analyzed. However, the empirical results reached do not uniformly support either the Friedman-Ball or the Cukierman-Meltzer point of view.
The purpose of this paper is to econometrically find out what characterizes the inflation-uncertainty relationship in Serbia during the transition period [2001] [2002] [2003] [2004] [2005] [2006] [2007] . Given the previous history of high and even hyperinflation in Serbia, and the current transition process whose success depends largely on low and stable inflation rate, this econometric analysis may enable further insight into the dynamic structure of inflation, its uncertainty and their co-movements. Inflation rate based on consumer price index will be used. The permanent and transitory components of inflation rate will be extracted to examine the inflation-uncertainty relationship at long and short horizons. Apart from Serbia, some preliminary results for four other Balkan countries will also be provided.
The structure of the paper is as follows. Section 2 shortly reviews the theoretical background of the inflation-uncertainty relationship, and the existing empirical results. Section 3 discusses main methodological issues. Section 4 provides empirical results obtained for the Serbian economy. Preliminary results for some other Balkan countries are given in Section 5. Section 6 makes a summary.
THE THEORETHICAL BACKGROUND OF THE RELATIONSHIP BETWEEN INFLATION AND INFLATION UNCERTAINTY
The relationship between inflation and inflation uncertainty consists of a twoway causality. The one-way causality running from inflation to its uncertainty is known as the Friedman-Ball hypothesis, while the causality running in opposite direction, from inflation uncertainty to inflation, is taken as the Cukierman-Meltzer hypothesis.
As already emphasized, Friedman [17] was the first to point out that changes in inflation may induce erratic responses of monetary authorities, which may lead to more uncertainty about the future inflation. This conjecture was formally justified by Ball [3] who used the asymmetric information game model in which the public faces two types of policy-makers that differ in terms of their willingness to bear the economic costs of reducing inflation. Policy-makers stochastically alternate in office. Therefore, an increase in inflation raises uncertainty about the path of the future inflation, because it is not known how long it will be before the tough type gain power and takes measures against high inflation.
Causality that runs from inflation uncertainty to inflation was first discussed by Cukierman and Meltzer [11] . This result is derived from a game-theoretic model of FED behavior under the assumption that FED dislikes inflation, but is willing to stimulate the economy growth by creating inflation surprises. Both the policy-maker's objective function and the money supply process are assumed to be random variables. Although the expectations are rational, information is imperfect due to imprecise monetary control mechanism. As a result, the public cannot make correct inference on future inflation. Consequently, an increase in inflation uncertainty raises the optimal average inflation rate by making the incentive for the policy-makers to produce inflation surprises. Hence, inflation uncertainty has a positive impact on inflation. By contrast, Holland [19] suggested that this link could be negative, such that high inflation uncertainty reduces level of inflation rate, due to the stabilization motive of the monetary authorities.
The analysis of the inflation-uncertainty relationship is additionally deepened when the decomposition of inflation into its permanent and transitory components is taken into account. As noted by Ball and Cecchetti [4] , inflation may react differently to inflation uncertainty in the long-run and in the short-run. Vice versa, uncertainty may not be affected in the same way by the permanent and the transitory shocks of inflation. This decomposition may be relevant to evaluate the efficiency of monetary and fiscal policies, because the behavior of inflation in the long-run is usually associated with the monetary policy, while the short-run variations are often due to changes in fiscal policy.
Both the Friedman-Ball and the Cukierman-Meltzer hypotheses were frequently tested in numerous empirical analyses. Among papers we were able to find there are more in favor of the Friedman-Ball view [1] , [7] , [8] , [12] , [16] , [18] , [22] , than those that do not support it [6] , [9] , [14] , [20] . The validity of the Cukierman-Meltzer hypothesis has not been investigated as often, but most of the existing results do support this view [1] , [2] , [8] , [12] .
MAIN METHODOLOGICAL ISSUES
There are three key methodological issues in the econometric modeling of inflation-uncertainty relationship. The first one deals with the measure of inflation uncertainty. The second issue provides framework for making inference on direction of causality between inflation and uncertainty. The third issue considers approach followed to obtain permanent-transitory decomposition of inflation.
Some standard measure of inflation variability is often used to approximate its uncertainty. However, there could be a significant difference between variability and uncertainty of inflation depending on whether the variability is predictable in the model under consideration [18] . Therefore, the class of generalized autoregressive conditional heteroskedasticity models (GARCH models) emerges as a natural framework for this analysis for at least two reasons [6] , [18] , [24] . Firstly, GARCH models explicitly specify and estimate the variance of the unpredictable innovation in inflation. Secondly, based on GARCH models a time-varying conditional residual variance that is in accordance with the notion of uncertainty discussed in theoretical papers may be derived [18] .
We will shortly overview GARCH models used in our empirical work. The simple GARCH (1,1) model reads as follows [6] , [13] , [24] : Among different modifications of GARCH models suggested in the literature the power GARCH model (PGARCH model) was also applied in our empirical analysis. The PGARCH (1,1) specification gives the volatility equation of the form:
PGARCH model allows for the explicit estimation of powerη . Under the restriction 1 η = , the conditional standard deviation is modeled within the volatility equation. This is the case of restricted PGARCH model. Parameters of GARCH and restricted PGARCH models are estimated by the method of maximum likelihood. In practice, the maximum of the likelihood function is found by the standard numerical optimization methods, among which the BHHH algorithm is the most commonly implemented [15] , [24] . Estimated conditional variance [18] .
In order to assess a direction of causality between inflation and its uncertainty the use of vector autoregressive model (VAR model) has been advocated in the literature. This is one of the most popular specifications in macroeconometric analysis, since it completely captures dynamic structure among variables of interest. VAR model of order between inflation and inflation uncertainty derived from GARCH specifications is postulated in the following way: The Friedman-Ball hypothesis of causality running from inflation to uncertainty cannot be rejected if inflation Granger-causes uncertainty. This causality implies that the null hypothesis, , tested against the alternative that the null is not true, cannot be accepted. Decomposition of time series into its permanent and transitory components can be done in different ways. In this paper we follow the Beveridge-Nelson approach [5] based on the one of the key results from the unit-root literature that time-series with a unit-root can always be represented as a sum of permanent and transitory components. Permanent component accounts for the stochastic trend and thus explains the behavior in the long-run. Transitory component is stationary and contains irregular variations. The Beveridge-Nelson approach is undertaken as follows [13] . The inflation is first estimated by ARIMA specification on given sample of size T. Using estimated parameters and insample forecasts of prices in periods T and T-1 forecast errors in periods T and T-1 are derived. The combination of estimated parameters and forecast errors enables estimation of irregular components for periods T and T-1. The replication of the same procedure for each observation in the sample recovers the transitory component of prices, which is then used to derive permanent component directly.
EMPIRICAL RESULTS 1
Monthly consumer price index (CPI index, 2001=100) 
Consumer price index has a strong upward trend which is described by the unit-root presence, while inflation rate appears to be stationary, but with the several outliers due to changes in economic policy (Graph 4.1). Inflation rate
Graph 4.1 Consumer price index and inflation rate
One of the key features of time series in transition economies is the presence of structural breaks. They should be taken into account, because if they are neglected, then misleading statistical and invalid economic conclusions may be drawn [21] . Outliers in the level of inflation rate in Serbia occurred due to the following events: the administrative change of the price of electricity in July, 2002; the administrative change of communal utility prices in December 2004; the introduction of VAT in January, 2005 and of inflation targeting in September, 2006. The effects of these interventions are eliminated from inflation rate by including appropriate impulse dummy variables that take only non-zero value one for the month in which the change was detected. Such time series, which is corrected for outliers, is a subject of econometric analysis in this paper.
Ordinary (AC) and partial autocorrelation (PAC) functions are estimated in order to discover dynamic structure in the mean and variability of inflation rate. Values reported in Table 4 .1 suggest that mean equation should probably contain autoregressive components up to order two. Also, variability appears to be unstable, which justifies the application of GARCH specification. Uncertainty estimated by model II
Graph 4.2 Estimated mean inflation and volatility from Model II
To determine in which way the causality between inflation and its uncertainty runs the VAR models of inflation and inflation uncertainty, derived from estimated GARCH specifications, are postulated and estimated. The results of the Grangercausality tests are reported in Table 4 Note: The number of lags (k) in VAR model is chosen using information criteria and statistical properties of the model. VAR contains some of dummy variables discussed above that were needed to obtain normally distributed residuals. This is a vital assumption for the reliability of the Granger-causality test reported in the form of χ 2 (k) statistic with p-value given in parenthesis.
To find out how robust our results are to the behavior of inflation in the long and short run, the permanent-transitory decomposition of prices (log) is obtained under the assumption that its first difference, inflation, follows autoregressive process of order two. Both components are depicted together with the prices in Graph 4.3. We may notice a similar pattern of prices and its permanent component, while their difference, being a transitory component, describes only the short-run variability of prices.
The first difference of permanent and transitory components represents permanent and transitory inflation respectively (Graph 4.4). These two time series are considered separately. The results of modeling permanent inflation will be given in detail, while the findings for transitory inflation will be briefly summarized. The results of the Granger-causality test between permanent inflation and associated uncertainty are presented in Table 4 .4. The results strongly support causality running from permanent inflation to its uncertainty, suggesting that the Friedman-Ball hypothesis is relevant for the long-run inflation as well. There is some supporting evidence of causality running from uncertainty to permanent inflation. In the two models the null hypothesis that uncertainty does not Granger-cause permanent inflation cannot be rejected for p-values greater than 8%. When standard inflation rate was considered the corresponding p-values were between 12% and 33% (Table 4. 2). Thus, we may conclude that the Cukierman-Meltzer hypothesis has some empirical content for the permanent inflation in Serbia. The sum of estimated coefficients on lagged uncertainty in the equation for permanent inflation is negative. This implies that inflation uncertainty has a negative impact on the level of inflation at long horizon. Since the behavior of prices in the long-run is primarily determined by monetary policy, we may argue that monetary policy in Serbia has been relatively efficient during period of [2001] [2002] [2003] [2004] [2005] [2006] [2007] Transitory inflation was modeled within a similar framework. Only one-way causality is detected, stemming from short-run inflation to its uncertainty. In the short-run higher inflation invokes higher uncertainty, but uncertainty does not influence the inflation significantly. Tentatively speaking, fiscal policy, responsible for the short-run variation in prices, has not been as efficient as monetary policy in stabilizing level of inflation.
PRELIMINARY ANALYSIS FOR SOME OTHER BALKAN COUNTRIES
Some Balkan countries have experienced high inflation in recent history suggesting sensitivity of their economies to shocks in prices. Thus, the issue of inflationuncertainty relationship seems to be economically relevant for the whole Balkan region. We empirically investigated the dynamics of mean and volatility of monthly inflation rates in Bulgaria, Greece, Romania and Turkey for the period: January, 2001 -October, 2006. The data are taken from IFS CD-ROM Version 1.1.64. We have not detected unstable the variability of inflation in Bulgaria and Greece. However, a time-varying uncertainty of inflation found in Romania and Turkey was well captured by a simple ARCH(1) model. Furthermore, one way causality running from inflation to its uncertainty is determined for Romania, and in both directions for Turkey. Our analysis of the Turkish inflation partly concurs with the findings previously reported for a different sample [12] , [22] . Although this is just a preliminary study, results obtained so far highlight the importance of investigating the inflation-uncertainty relationship in the Balkan region.
CONCLUSION
This paper employs standard approach of GARCH modeling and VAR setup to consider the relationship between inflation and inflation uncertainty in Serbia in the period 2001-2007. The novelty introduced in this study is the application of the Beveridge-Nelson decomposition of prices in order to find out what characterizes this relationship in the long and short run. There is a strong evidence of causality running from inflation to its uncertainty that holds for both long and short horizons. However, causality in reverse direction was found only for the permanent component of prices, so that increasing uncertainty reduces the level of inflation in the long-run. Therefore, we may argue that monetary policy in Serbia has been relatively efficient in recent years.
Preliminary analysis of inflation in four Balkan countries (Bulgaria, Greece, Romania and Turkey) suggests that the inflation-uncertainty relationship plays an important role in some of these economies. A more detailed discussion of this relationship in the Balkan region needs further investigation.
